ABSTRACT
Introduction
While the magnitude varies from one study to another (depending on the data and the standard sex ratio reference level used), the excess female mortality in India and other South Asian countries is no longer contentious (Sen, 1992; Coale, 1991; Klasen, 1994) . It is also only in this part of the world that the life expectancy of women at birth is lower or equal to men, despite the biological advantage of women as a group to live longer than men (Hart, 1988; UNDP, 1995; Waldron, 1995; WHO, 1998; Gjonca et al., 1999; Kalben, 2002) . Even for infants (aged less than one) the mortality of girls was 1.3 times higher than boys in India (Khanna et al., 2003) . This fact seems paradoxical since these countries have relatively high economic performances, including high per capita income, high medical personnel, and medical facilities population ratios, compared to most of the countries in Sub-Sahara Africa. The non-responsiveness of this discrimination to the improvement in the economic status of households (Hill and Upchurch, 1995; Kurz and Johnson-Welch, 1997 ) also makes the issue of excess female mortality a serious concern in this region.
Factors related to social, cultural, familial, behavioural, and other discriminatory behaviour of households, communities, and sometimes governments against girls and women can be some of the reasons for the higher than expected female mortality in South Asian countries. Therefore, there is a crucial need to investigate factors and mechanisms that jeopardised the biological advantage of women to live longer than men and consequently produced millions of 'missing women' and an unbalanced sex ratio in this part of the world.
Several factors including sex-selected abortion; gender discrimination in nutrition especially among young children; discrimination in access to health care, labour markets, education, and other opportunities; and intra-household/ community discrimination against women/girls are hypothesized in the literature for this excess female mortality in the region. Gender discrimination in intra-household food distribution (nutrition) has long been identified as a major factor for excess female mortality in the region. However, several recent findings reveal that there is no significant evidence of gender discrimination in nutrition among children (Chaudhury, 1987; Das Gupta, 1987; Gopalan, 1987; Basu, 1989; 1993; Walker and Ryan, 1990; Kurz and Johnson-Welch, 1997; Hazarika, 2000) . Very recently, sex-selective abortion (Booth, et al., 1994; Khan et al., 1996; Sudha & Arnold, 1999; Arnold 2002 ) has received greater attention as one of the major factors for the unbalanced sex ratio in the region. In this study, we argue that intrahousehold discrimination in health care behaviour of households against girls can be one of the most important factors for the unbalanced sex-ratio in the region.
Various authors examined gender discrimination in the provision of health care services. Despite some researchers could not find statistically significant gender differences in access to some types of health care services (Jatrana, 2003) , there are several evidences that show gender discrimination in health care utilization in India, Bangladesh and Pakistan (Rajeshwari, 1991; Singh et al., 1962 ; Aziz, 1977 ; Chen et al., 1981; Miller 1981; Murthy, 1982 ; Das Gupta, 1987; Chaudhury, 1988; Wadley, 1993; Greenspan, 1994; Sood and Nagla, 1994; Rajeshwari, 1996; Kurz and Johnson-Welch, 1997; Gangadharan and Maitra, 2000) .
This study provides fresh evidences on intra-household gender discrimination against girls (aged from 1 day to nine years) in getting medical attention before their death in India. Unlike most of the previous studies which focused on small sample sizes and on illness symptoms, this study used nationally representative data set and examined the existence and magnitude of gender discrimination in getting medical attention at the last critical time of life 1 . More specifically, the study examines whether girls were discriminated against in getting medical help before their death. We argue that although mortality differences between girls and boys can be the result of biological factors, disparity in getting medical attention between girls and boys before death reveals gender discrimination.
Out of several indicators that measures medical attention before death such as causes of death, whether medical attention was sought before death, number of times hospitalized, etc, we used place of death variable as a main indicator for various reasons. First, in contrast to developed countries where almost everybody gets medical attention before death and where to die is a matter of choice 2 , place of death (in hospital, at home, at nursery, etc.) is a crucial indicator of whether deceased individuals got proper medical attention before their death in developing countries like India (Gupta and Sankar, 2002) . Second, the one year recall period used in the national sample survey (see next section) is less likely to affect the reliability of the place of death information compared to other indicators.
The study also focuses on infants and children (aged from one day to nine years) because compared to adults and teenagers; the chance of children to get medical care totally depends on the decision of parents. This helps us to clearly see the level intrahousehold gender discrimination in seeking medical help. Focusing on children will also avoid biological differences and gender differential in exposure to risks and deaths (occupation, pregnancy, gender violence, death due to old age, etc.) that may potentially affect the chance of getting medial care and consequently the place of death. The imbalance in the proportion of deaths between girls and boys is also high for this age group in India (BMJ, 2002; Khanna, et al., 2003) .
Out of several South Asian countries the study focuses in India for various reasons. First, the country has the highest share of missing women in the world (Klasen and Wink, 2002) and currently the problem has reached a critical point where it affects the sex balance (UNICEF, 1990; WHO, 1992; Pande, 2000) . Second, while female mortality is rare in infancy and early neonatal period (WHO, 2000) , it is higher for females than for males in India (WHO, 2000 , BMJ, 2003 . Third, as we shall explain soon, India has a data set that can be used to address the issue of gender discrimination in getting health care before death.
The remaining part of the paper is organized as follows. Section two presents the data source and measurement of variables and section three explains the methodology used in the study. Finally, section four and five present the results and conclusion of the study.
Source of data and Measurement of Variables
The Indian National Sample Survey (NSS) data were used in this study. Since 1950, the National Sample Survey Organization of India has been collecting major information on socio-economic conditions of the population as well as economic and operational features of informal enterprises and establishments (Saha, 2002) . In this study the 52 nd round NSS conducted between July 1995 and June 1996 were used. Two-stage stratified sampling procedure was adopted. At the first stage, 7,663 rural villages and 4,991 urban blocks were identified all over the country and at the second stage 71,284 rural and 49,658 urban households were surveyed.
The 52 nd round collected information on utilization of health care services, morbidity, problems of aged persons, and participation in education. For the first time in the long history of the NSS, the 52 nd round also collected detailed information about deceased family members. Detailed verbal autopsies including name and sex; age at death; time elapsed since death; cause of death; place of death; medical attention before death; whether hospitalized during last 365 days; and number of times hospitalized was collected. The recall period was one year before the survey.
From Schedule 25.0 of the 52 nd NSS, place of death (at home, in public hospital, in government hospital, during transport, at other places) was selected as a main indicator of getting medical attention before death. This variable is expected to measure the real concern of parents to save the lives of their children. Various factors that may influence the place of death of children such as age and sex of the child; location (urban/rural), income (approximated by monthly household expenditure), family size and composition, and social status (whether or not the household belongs to scheduled tribe or scheduled caste) of the household; and age, education, and sex of the household head, etc., were used as explanatory variables. The definition and descriptive statistics of the variables are presented in Table 1 . Deceased children and infants aged from one day to nine years were considred.
Methodology
The probability of observing nominal outcomes such as places of death can be modelled using various nominal outcome models. In this study, a multinomial logit model was used to examine the determinants of dying at different places. Other nominal outcome models such as conditional or mixed logit models could not be used because information on the characteristics of the outcome variables was not collected. The survey provided five places of death: at home, during transport, in government hospitals, in private hospitals, and at other places. Then, the likelihood of a child to die in any of the above places, say place j can be presented as:
Where X i is a vector of individual characteristics of dead child i such as sex, age at death, Z i is a vector of household level variables of child i such as education, age, and sex of the household head, income, social status, location, and the like.
Based on a multinomial model, the probability of child i will die at place j is given by
Where β and γ are vector of parameters to be estimated. Note that since information on outcomes' characteristic is not available, all the explanatory variables represent the characteristics of child i or her/his family and therefore vary over the outcomes. If there is any gender discrimination in the place of death, the coefficient of the sex variable should be statistically significant.
Results

Descriptive Analysis
Out of 3,506 individuals deceased during one year before the survey, 26 percent were children and infants aged from one day to nine years. From the total deceased children, infants (less than one year old) accounted for 68.35 percent followed by children aged between 1 and 4 (20.00 percent) and 5 and 9 (11.65 percent). Overall, 67.58 percent of children died at home, 26.15 died in hospital and 2.31 and 3.96 percent died during transport and other places, respectively. Various factors including accessibility of medical facilities, area of residence, income and education of parents might affect the place of death of children. Table 2 presents some descriptive statistics. As expected, for all age groups rural children were more likely to die at home compared to urban children and the differences were statistically significant for young children (Person χ 2 test). For instance, while 41 percent of infants had a chance of dying in hospitals in urban areas, only half of them had this chance in rural areas.
Though not statistically significant (χ 2 test) at 5 percent level, 36.84 percent of children from the richest quintile died in hospital compared to 22.54 percent children from the poorest quintile. In general income did not have important influence on the place of death of children. This was unexpected result since children from rich households were expected to die at hospitals than children from poor households.
The last column of the table shows gender differences. Under normal circumstances, there should not be differences in the place of death for girls and boys. However, the table reveals that at all age groups girls were more likely to die at home than boys and the differences were statistically significant in the case of infants and 1-4 years old children. Boys were also more likely to die in hospital than girls at all age groups. Overall 33 percent of boys died in hospitals compared to only 19 percent of girls. The difference was much higher in the case of infants. While 35% of boys died in hospital only 17 percent of girls had this chance.
This pattern remained the same even after controlling the place of residence and income of households as shown in Figs. 1 and 2. In both rural and urban areas girls were less likely to die in hospital than boys and the differences were very striking in the case of infants. In urban areas 31 percent of infant girls died in hospital compared to 48 percent boys. In rural areas the discrimination was even worse. Despite 30 percent of infant boys died in hospital, only less than half of infant girls got this chance. Similar pattern was observed across different income quintiles. Except for the age group 5-9, boys were more likely to die in hospital than girls for all income quintiles. The last two rows of table 2 also indicate that girls with live female siblings (younger than 15 years old) were the most disadvantaged groups in getting medical help before their death.
All results indicate that girls, especially infant girls, were more likely to die at home without getting medical attention at the last critical time of their lives and this was true both in urban and rural areas, and across different income groups. Girls with sisters younger than 15 years of age were particularly vulnerable. Therefore, discrimination in seeking medical help against infant girls might be one possible explanation for the imbalance sex ratio in the country.
Multinomial logit results
A multinomial logit model was estimated to determine whether gender affected the likelihood of place of death of children. Before presenting the final results of the model, we examined various specification and related issues. First, we test for combining any of the five outcomes (places of death). An outcome j is said indistinguishable with outcome k, if none of the independent variables significantly affect the odds of outcome j versus outcome k (Long and Freese, 2003) . In the light of the loglikelihood test results and common sense, government and private hospital and home and other outcomes were combined and three mutually exclusive places of death were created (at home, in hospital, and during transport). Second, we test for the independence of irrelevant alternative (IIA) assumption of the multinomial logit model using both Hausman-McFadden and SmallHsiao tests. Both tests showed that IIA assumption holds, i.e., odds (Outcome-j vs Outcome-k) are independent of other alternatives. Third we examine the variance inflation factors (VIF) to test for the existence of multicolinearity. The computed VIF was 1.06 indicating absence of any significant multicolinearity.
Two individual variables, viz., sex and age of the deceased child, eight household level variables viz. sex, age, age square, and education level of the household head; number of live female siblings younger than 15 years of age, income, location, and social status of the household were included in the model (see table 1 for definition and descriptive statistics of these variables). In addition to individual and household level variables, 77 district level dummy variables were included in the regression to take into account unobserved district level factors that might affect the place of death of children.
The results of the multinomial model are presented in Table 3 . Death at home (versus death in hospital and during transport) was the reference (comparison or base) category. The coefficients of the district level dummy variables were omitted for brevity of presentation. The LR chi 2 test is significant rejecting the hypothesis that all of the regression coefficients across both models are simultaneously zero. The McFadden's pseudo R 2 is 0.22. Since direct interpretation of the coefficients is difficult, marginal coefficients were computed and presentment for statistically significant variables.
Age and sex of the household head took the expected negative sign indicating that children in older and female headed households were less likely to die in hospital or during transport than children in young and male headed households. However, both variables were not statistically significant at the ten percent level. Income also took the expected positive sign but was not statistically significant in explaining place of death. Though consistent with the descriptive statistics, this result is counter intuitive. However, similar results were reported by other authors. For instance, Khanna et al. (2003) found that poverty did not explain sex discrimination in infants' death in urban India. Kurz and Johnson-Welch (1997) also concluded that increasing household income alone might not be sufficient to reduce gender discrimination in India.
As expected, children in urban areas were more likely to die in hospital or during transport than at home. Education level of the household head was the other most important variable that determined the place of death of children. Children with educated household heads (primary and above education) were 1.63 and 0.01 percent more likely to die in hospital and during transport, respectively than children with less than primary school household head, all other variables remaining constant. However, the interaction between education and gender variables was insignificant (not shown in the table) indicating that education did not affect gender differences in the place of death of children. Consistent with the descriptive analysis, the probability of dying outside home increased in child age, ceteris paribus. Keeping all other variables constant, a one year increase in the age of a child decreased the likely of dying at home by 0.68 percent. Other variables such as social status, family size, number of female siblings in the household did not have statistically significant impact on the place of death.
Our main interest variable, gender, took the expected positive sign in the case of dying at home and negative signs in the case of dying in hospital and during transport and was statistically significant in all cases. The marginal coefficient of the home outcome showed that all other variables remaining constant, girls were 1.8 percent more likely to day at home than boys. In other words, boys were 1.8 percent more likely to die in hospital and 0.01 percent during transport than girls keeping all other factors constant. This clearly indicates that controlling for all other factors, girls were less likely to get medical attention immediately before their death than boys.
The effect of various factors such as age of the deceased child and number of female siblings in the household on the place of death of children may vary by gender. We hypothesized that young girls and girls with female siblings were less likely to get medical attention before death than boys. We used two methods to examine these possibilities. First, we plot the probability of dying at different places as a function of age of the deceased child and number of female siblings in the household by gender keeping all other factors constant at their mean values. Second we created interaction variables between age and gender and number of female siblings and gender and add these interaction variables in the model. Figure 3 presents the probability of dying at home, in hospital, and during transport as a function of age of the deceased child by gender keeping all other variables constant. As expected, at all age levels girls were more likely to die at home and less likely to die in hospital or during transport than boys. However, consistent with previous results, their probability of dying in hospital or during transport increases as their age increases. Figure 4 portrays the probability of dying at different places as a function of number of female siblings in the household by the gender of the deceased child. The figure shows that, all other things remaining constant, as the number of female siblings in the household increased the chance of girls to die at home increased significantly compared to their brothers. Girls with female siblings had also small chance of dying in hospital or during transport compared to boys and this small chance significantly decreased as the number of female siblings in the household increased.
Interaction variables between gender and age and gender and number of female siblings in the household were also included in the multinomial estimation and the results are presented in Table 4 . The coefficients of all the interaction variables took the expected signs and were statistically significant in most of the cases. The interaction between age and gender variable showed that as age increased the likelihood of a girl to die during transport (compared to dying at home) increased, all other things remaining constant. More interestingly, after controlling gender and other variables in the model, girls with female siblings were less likely to die in hospital than girls with no or few female siblings and boys.
However, as pointed out by Ali and Norton (2003) and Norton (2004) , the exact interpretation of interaction terms in nonlinear models such us ours is not straight forward. Therefore, we use graphs to examine the impact of the interaction terms and the results are presented in Figures 5 and 6 3 . These figures are expected to give more precise picture (than the one presented in Figures 3 and 4) since the interaction effects are included. Figure 5 portrays the probability of dying at home, in hospital, and during transport as a function of age of the deceased child by including the interaction effect between age and gender of the deceased child. Consistent with figure 3, infants of both sexes were more likely to die at home than children. At the same time the probability of girls to die at home was higher and to die in hospital was lower than boys at all age levels. In contrast to Fig. 3, Fig. 4 clearly showed that these differences decreased as the age of the child increased. Fig. 6 also showed very interesting results. The probability of boys to die at home decreased as the number of female siblings in the household increased while the probability of girls to die at home significantly increased as the number of female siblings increased. The probability of girls to die in hospital also significantly decreased as the number of female siblings in the household increased. These results can be clearly seen by the funnel shape of the first two graphs of Fig. 6 . However, the number of female siblings in the household was less likely to affect the difference in the probability of dying during transport between boys and girls.
All these results clearly indicate that there is significant gender discrimination in place of death in India. Boys were more likely to die in hospital and during transport to hospital than girls and girls were more likely to die at home. Particularly, infant girls with female siblings were unlikely to get medical help at the last critical time of their lives. This clearly shows that female infanticide can be one of the most important factors for the current imbalanced sex ratio in the country. Therefore, the focus of policy makers should not be limited to reduce medical termination of pregnancy based on fetal sex, but should also focus on the health care demand behaviour of households to ensure equality in medical access between boys and girls especially at their earlier life.
Robustness test
Place of death is a good indicator of gender discrimination in access to medial care in developing countries especially for children. However, dying at home may not necessarily imply deprivation of medical attention before death. Therefore, we used three additional indicators to examine gender discrimination in getting medial help before death in India. First, we examined whether the deceased child did not receive any medical attention before death. Overall 28 percent of deceased children did not get any type of medial help before death and there was no statistically significant difference between boys and girls. Second, we examined whether the child was hospitalized for treatment before death during last 365 days before the survey. The data showed that 38 percent of boys hospitalized before their death while only 26 percent of girls hospitalized before their death and the difference was statistically significant at less than one percent (Pearson χ 2 test). Finally, we examined the number of times the deceased child was hospitalized during last 365 days preceding the day of the survey. On the average, boys were hospitalized 0.42 times while girls were hospitalized only 0.3 times.
We used the above three variables to examine gender discrimination in getting medical help before death. We used logit specification in the case of hospitalization and getting any medical help before death and OLS method in the case of number of times hospitalized before death. The results are presented in Table 5 . In all models the gender variable took the expected sign though not statistically significant in the case of no any medical help before death 4 . The marginal coefficient of the gender variable in the case of hospitalization before death indicated that, all other things remaining constant, the probability of girls to be hospitalized before their death was 12 percent less than boys. The OLS result also revealed that the average number of times girls were hospitalized before their death was 0.11 less than that of boys (the average was 0.36 times). All these results confirm that there was noticeable and statistically significant difference by sex of the child in getting medical help before death. Overall, girls were more likely to be denied medical attention before their death than boys.
Conclusion
The excess female mortality in India and other South Asian countries is no longer contentious. The ambiguous and controversial things are the reasons for such excess female mortality in the country. The non-responsiveness of this excess female mortality to the improvement in the economic status and educational level of households also makes the issue more complicated. Several factor including female feticide, gender discrimination in nutrition, health care, labour markets, education, and other opportunities are cited in the literature for this excess female mortality in the region. Using unique verbal autopsies information collected in the 52 nd Indian National Sample Survey and econometric models, this study provides new evidences on intra-household gender discrimination against girls in getting medical attention before death. We argue that compared to mortality differences between girls and boys which can be partly explained by biological factors, disparities in getting medical attention before death reveal gender discrimination potentially attributed to behavioural factors.
From several indicators that measure medical attention before death, we used place of death variable as a main indicator. Unlike developed countries where place of death is a matter of choice, in developed countries like India place of death is a crucial indicator of access to medical care at last critical time of life. Particularly in the case of non-adults it measures the real concern of parents for their children. The study also focused on infants and children (aged from one day to nine years) since their chance of getting medical help totally depends on the decision of their parents. This helps us to clearly see the level of intra-household gender discrimination in the health care decision of households.
The multinomial logit results showed that girls were highly discriminated against in getting medical help immediately before their death. The marginal coefficient of the gender variable showed that boys were 1.7 percent more likely to die in hospital and 0.01 percent during transport than their sisters, ceteris paribus. The coefficients of the interaction between age and gender and number of female siblings and gender also clearly pointed out part of the girls which were highly vulnerable to such discrimination. Controlling for all other factors, the probability of very young girls with live female siblings to die in hospital was extremely low and this probability decreased significantly as the number of live female siblings in the household increased. The robustness of the results was also tested using three different indicators that measures access to health care before death. Except in the case of 'any medical attention before death' indicator, the results of the two indicators confirmed the existence of statistically significant gender discriminations. Boys were more likely to be hospitalized before their death and the average number times boys were hospitalized before their death was 0.11 higher than their sisters.
Generally, the results of this study clearly indicated that girls, particularly infant girls were discriminated in receiving medical attention before their death compared to their brothers. This implies that reducing this discrimination can help to improve the current falling sex ratio in the country. Therefore, in addition to the current effort of the government to enforce the law which makes fetal sex determination and medical termination of pregnancy on the basis of fetal sex illegal, more should be done to improve the medical access of girls at least for life threatening sicknesses to the level of their brothers. This action coupled with reducing female foeticide may help to improve the declining sex ratio in the country. Looking at future research work on this topic, it would be useful to examine the type, spatial variation (across different regions and between rural and urban settings), and dynamic (through time) of intra-household gender disparities and their relationship with the current imbalance in sex ratios in the country. Standard errors in parentheses * Significant at 10%; ** significant at 5%; *** significant at 1% Standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1% 
